Introduction
After the first successful repair of an AV canal defect by C. Walton Lillehei in 1955, there have been tremendous improvements in both surgical techniques and perioperative care of patients. Nowadays early mortality after surgical repair has dropped to less 3 to 4 % in many parts of the world. On the other hand, in terms of complexity, the repair of an AV canal defect could be quite challenging for surgeons in some cases. When we look at Aristotle scoring system which grades congenital cardiac procedures with regard to their complexity (simple: 1.5 to very complex: 15), surgical repair of an complete AV canal has been still classified as a comlex procedure (Aristotle score 9) [1] . Therefore, in this paper we try to summarize current surgical techniques used for repair of this complex pathology.
Surgical Anatomy and Classification of AV Canal Defects
According to the International Pediatric and Congenital Cardiac Coding (IPCCC) system [2] ; AV canal defects have classified into 4 main categories: Common morphological features of AV canals are described as deficiency of a portion of the inlet interventricular septum, attachment of a portion of the AV valve to the septum and equal distances of two AV valves to the cardiac apex ( Figure 1a) . Due to the abnormal attachment of the anterior medial leaflet, the left ventricular outflow tract seems elongated and sometimes obstructed (Figure1b). That might be more prominent in patients with partial AV canals. In AV canal defects, aortic valve loses its wedged position between the left and the right AV valves.
From surgical point of view, one of the most important morphological features of AV canal defects is the location of the conduction system. Here, atrioventricular node is displaced inferiorly and posteriorly toward the coronary sinus due to the presence of an ostium primum ASD (Figure 1 ). With this regard, a special attention should be paid during surgical repair in order to prevent the development of complete AV block. Inlet/Outlet ratio in a normal heart is equal to 1, and Inlet/Outlet ratio in a heart with AV canal defect is less than 1 b.
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canal, the AV valve has usually 6 components and the commissure between the left superior and inferior leaflet is called as cleft ( Figure  2 ). Partial AV canals have varying degrees of malformation of the left AV valve, causing varying degrees of valvular regurgitation. 
Intermediate or Transitional Type:
There is a primum ASD in association with a restrictive VSD with this type of the defect. This type is distinguished from complete AV canal two separate valvular orifices and the presence of a restrictive ventricular defect. Again, there is a single annulus, a common morphologic feature of all types of the defects.
AV Canal with Ventricular Imbalance:
Due to the presence of asymmetrical commitment of the common AV valve to both ventricles, one of the ventricles remains hypoplastic (Figure 3 ). Single ventricle palliation or two ventricle repair could be options in surgical treatment of these patients. 
Surgical Techniques
For surgical repair of all types of AV canal defects, aortic and bicaval cannulation (metal-tipped angled cannulas) is done in a standard fashion. Surgical repair of AV canal defects are usually done under either normothermic or mild to moderately hypothermic cardiopulmonary bypass (CPB) and cold blood cardioplegia in our institution. Repair is standardly perfomed through the right atriotomy.
Repair of Partial AV Canal Defects
Repair of partial AV canal defects starts by floating of the valve with injection of saline (or cold cardioplagia solution in some centers). Injection of testing solution should be given to prevent frothing in the left heart chambers. Frothing might cause formation of microbubles within the left heart and, consequently, results in coronary embolisation and ventricular dysfunction during weaning off CPB. During testing of the valve, particular attention should be given to ensure accurate approximation of the cleft. Firstly, we start putting an approximation suture (usually 6 or 7/0 Prolene) from the free edge that is defined by the origin of the cords. Then multiple simple sutures are employed till the nadir of the cleft. Then, repeat testing of the valve comfirms the competency of the valve. In case with dilated AV annulus, centrally located insufficiency persists after closure of the cleft and it can be treated by placing commisuroplasty sutures. After repair of cleft, an appropriately sized patch is sutured to the leaflet tissue between the left and right AV valves, that necessitates special attention. Here, suturing the patch material to the leaflet could cause laceration of the tissue, leading to residual leak. The patch material is usually autologous or bovine pericardium ( Figure 5 ). 
Repair of Complete AV Canal Defects
Classic Single-Patch: The classic single-patch technique uses a single pericardial patch to achieve this goal. Fresh or glutaraldehydetreated autologous pericardium is the choice of patch material with this repair. One of the most critical point of the procedure is the partition of the common valve (superior and inferior bridging leaflets) into two appropriate halves. The common AV valve is cut, and the patch is inserted in such a fashion that the lower portion of the patch closes the ventricular component of the defect, the AV valves are suspended to the patch, and the upper portion of the patch closes the atrial component ( Figure 6 ). for atrial defect autologous or bovine pericardium are used. Some authors do not prefer to divide the superior and inferior bridging leaflets during the repair of the ventricular defect. To improve the exposure, some chord attaching to the leaflet tissue away from the free margins needs to be cut. The rest of the repair is completed standardly (Figure 8 ). 
Conclusion
Partial AV canal defects represents approximately 25% of all AV canal defects. Although these defects show very similar physiology with secundum-type ASDs, there are known to be more complex in terms of morphology. Currently, the perioperative mortality and postoperative complete heart block rates have been reported to be minor after repair of partial AV canal defects. On the other hand, the most common indications for reoperation after surgery remain to be left AV valve dysfunction (almost 10%) and left ventricular outflow tract stenosis (10 to 15 %) in the long term [3] . After repair, in addition to the fixation of the valve leaflet to the scooped-out septal crest, several inherent morphological features like abnormal cordal and papillary architecture are the main causes of LVOT stenosis. For complete AV canal defects, there are many studies comparing the impact of their above mentioned techniques on operative mortality, late mortality, injury to the conducting system, left AV valve stenosis and insufficiency, residual ventricular level shunting, left ventricular outflow tract obstruction and need for reoperation for left AV valve insufficiency in the literature,. Comparison of the studies of three different repair techniques are given in Table 1 . In 2008, Crawford reported the results of 88 complete AV canal defect patients who underwent repair via classic single patch technique. There were no early and late mortality. Complete heart block was reported in 3 patients and 9 of the patients after procedure required mitral valve reoperation [4] . Prifti et al reported their results with classic single patch technique in 190 AV canal patients weighing less than 5kg. The early and late mortality rate were 8,4% and 7,4%, respectively. While the rate of complete heart block was subtle (in only 3 patients), 23 patients needed late mitral reoperation during follow up [5] . Similarly, in a report by Reddy et al. [6] , 72 patients who underwent surgical repair via classic one patch technique were reported. Only one patient with early and 1 with late mortality were given. Complete heart block was seen in 1 patient and none required late reoperation for mitral valve during a median follow up of 24 months. The outcome of modified singlepatch (Australian) technique in complete AV canal defects was initially described by Dr. Nunn [7] and the 30-day mortality rate was reported as 1.6%.
The percentage of patients who needed reoperation on the mitral valve was reported to be 2.3% incidence of and none of the patients had left ventricular outflow tract obstruction requiring operation in the follow-up period. Jonas et al. [8] reported very good results with almost zero morbidity and mortality after modified single patch technique. In a report by Backer et al, the authors compared double patch technique with modified single patch technique and stated that modified single patch technique is the best method of repair in complete AV canal defects [9] . Indeed, the cross-clamp and CPB times were significantly lower in modified single patch group compared to the double patch group (26 and 29 minutes shorter, respectively). Likewise, Wilcox et al reported the similar finding [10] . Backer et al. [9] insisted on the fact that the major advantage of modified single patch technique is the avoidance of reoperation for mitral regurgitation in follow up and, therefore, they stopped doing double patch technique in 2006 and completely switched to modified single patch technique. On the other hand, it was speculated by some authors that the presence of a large ventricular component of the defect might jeopardize the quality of repair modified single patch technique [10] . However, this finding has net been supported by other authors [9] . Lastly, the major critique of the modified single-patch technique was the higher risk of post repair left ventricular outflow tract obstruction due to the pushing of the superior leaflet down toward the left ventricular outflow. Similarly, this finding was not supported by Jonas and Wilcox' findings [8, 10] .
In comparison, there have been more reports about the results of double patch repair in AV canal defects in the literature. In a metaanalysis by Backer et al, a total of 889 patients who underwent AV canal repair using double patch technique was reported. Although the rates of early and late mortality were found to be similar among three techniques, the rate of late mitral valve regurgitation was said to be higher after double patch repair (Table 1) [11] . As is the case for classic single patch technique, one of the main concerns about double patch technique is division of AV valve leaflets during repair. It has been claimed that dividing the common leaflet and then reattaching inevitably sacrifices valve tissue. This could be more important in infants in whom the scarified area constitutes a greater portion of the valve. In a study by Fortuna et al. [12] , it was shown that division of the common valve may lead to distortion of the remaining valve tissue and increased tension on the cleft closure, leading to regurgitation and increased risk of cleft dehiscence. They concluded that division of the bridging leaflets is a risk factor for AV valve regurgitation (moderate or greater) during the first year after repair. In a report by Backer et al. [13] , data related to 173 patients was published. The operative mortality was 6% and 4% of the patients had pacemaker implantation for third degree AV block. Moreover, 8% of the patients had reoperation for left AV valve in the follow up. Similar results were given by other investigators [14] . In conclusion, nowadays AV canal repair are done with low operative mortality and morbidity in many centers and outcome did not differ by the surgical technique.
